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INTRODUCTION
In patients with terminal renal insufficiency, toxins accumulate in the blood because the kidneys lose their ability to properly eliminate these substances. High-flux haemodialysis uses dialysis membranes of significant porosity to allow the passage of larger molecules, which allows a high coefficient of ultrafiltration (CUF >l5 ml/mmHg per hour).
Although the use of new haemodialysis modalities has grown, the clinical risks and benefits of these high-performance therapies are not well defined. In the literature published in the past ten years, definitions of high-efficiency and high-flux dialysis are confusing. At the moment, the quantity of dialysis treatment is defined not only by time, but also by dialysator characteristics, velocity of blood and dialysate circulation. In the past, when the efficiency of dialysis and the circulation had a tendency to be low, the quantity of dialysis treatment was well defined by time. Today, duration of dialysis treatment is not a useful expression of treatment quantity because the efficiency is highly variable.
Preliminary results found that there was an actual benefit in the correction of anaemia in patients treated with high-flux membranes, while randomised trials failed to prove a significant effect. Total blood triglycerides, VLDL triglycerides and VLDL cholesterol decreased, and HDL cholesterol increased in the polysulphone high-flux group, while these variables remained unchanged in group of patients treated with standard dialysers. (1) A controlled prospective study investigated the change in lipid parameters from dialysis with cellulose membranes (which are low-flux membranes) to polysulphone membranes (which are high-flux membranes). Total serum triglycerides and VLDL cholesterol decreased, and the proportion of HDL cholesterol increased in the polysulphone high-flux group, while these variables remained unchanged in the control group. The LDL and total cholesterol, parathyroid hormone, albumin, and body weight remained unchanged. (2) The HEMO study did not show a statistically significant effect of higher dialysis dose and high-flux membranes on survival and morbidity (3, 4) , but it noted that chronic kidney insufficiency is a major reason for hospitalisation from cardiac diseases. The use of high-or low-flux membranes exhibited no difference in laboratory values in a study that investigated the effect of different synthetic membranes on laboratory parameters and survival in chronic haemodialysis patients. (4) Though high-flux haemodialysis did not decrease mortality from all causes among those with cardiac diseases, it has been shown to improve other outcomes among patients with cardiac diseases. (5) Patients with diabetes have also shown a significant survival benefit when treated with high-flux haemodialysis. (6) Due to their high porosity, high-flux membranes are able to remove waste solutes of higher molecular weight compared to low-flux membranes (7), which have smaller pores. However, it is not clear whether this amplified elimination of waste solutes confers a long-term benefit of long-term survival among patients treated with high-flux membranes.
The aim of our study was to investigate the influence of dialysator type on quality of life, clinical status and values of laboratory analyses among patients undergoing haemodialysis.
MATERIALS AND METHODS

Study type
This study was observational and cross-sectional and aimed to investigate the influence of dialysator type on quality of life, clinical status and laboratory analyses of patients undergoing haemodialysis.
The study population
This study was conducted in the Haemodialysis department of the Studenica Health Centre in Kraljevo, Serbia, from December 2009 to February 2010. The study population included all patients undergoing haemodialysis encountered during that period who agreed to participate in the study and who underwent haemodialysis for at least one year. The following patients were excluded from the study: those under age eighteen or over age seventy, patients with malignancy, patients undergoing chemotherapy, pregnant women, patients with portal hypertension and those who declined participation in the study.
The study groups
Patients were separated into two groups based on their exposure to high-efficacy haemodialysis during the year 2009. The patients belonged either to the low-flux haemodialysis (n=33) group or the high-flux haemodialysis (n=39) group. The patients were interviewed between December 2009 and January 2010. The results of laboratory tests and data on comorbidities were obtained from medical records. Information regarding quality of life and habits was obtained from the Comprehensive Quality of Life Scale -Adult. (8, 9, 10) All information was anonymous, patient consent was obtained, and the study was approved by the Ethical Committee of the Studenica Health Centre in Kraljevo.
The study variables
The following categorical variables were taken into account: symptoms of patients undergoing haemodialysis (headache, respiratory discomforts, and urinary discomforts), diagnosis of cardiac insufficiency, use of erythropoietin (more than six months), parenteral iron preparations (more than six months), presence of GIT bleeding, data about habits (cigarette smoking and alcohol), co-morbidities and the results of the life quality questionnaire. The following continuous variables were taken into account: serum values of urea, creatinine, sodium, potassium, calcium, phosphorus, proteins, cholesterol, alkaline phosphatase, iron, haematocrit, eryth-rocytes, haemoglobin, leukocytes, thrombocytes, MCV (mean corpuscular volume), and body mass index.
Statistics
The prevalence of each characteristic during the study period was determined for both groups. Differences in the observed characteristics were assessed between patients who were treated with high-flux membrane dialysers and patients who were treated with low-flux membrane dialysers using an independent T-test for continuous variables and a Chi-squared test for frequencies. The differences were considered significant if the probability of the null hypothesis was less than 0.05. The statistical calculations were made using the SPSS statistical package (version 18).
RESULTS
Serum levels of urea were significantly different between patients who were treated with high-flux membrane dialysers and those who were treated with low-flux membrane dialysers (t=2, 094, p=0.040) No significant differences were found in other laboratory parameters, clinical symptoms, co-morbidities, habits, or quality of life (Table 1) .
DISCUSSION
The different permeabilities of dialysis membranes lead to different removal capacities, particularly for uremic toxins of middle and large molecular weight. High-flux dialysers have been evaluated in clinical and epidemiological studies for their effects on mortality, morbidity, dialysisrelated data and the preservation of residual renal function. However, many of these studies lack a prospective design and randomised treatment allocation, or they have too few patients and too short a period of follow-up. In this study, there was a significant difference in the serum urea levels among patients who were treated with different flux membranes, and it is believed that highly permeable dialysis membranes with a large pore size are more efficient than membranes with a small pore size for the removal of middle-sized molecules of uremic toxins.
Haemodialysis with high-flux membrane dialysers and haemodiafiltration were both connected to reductions of the pretreatment beta 2 microglobulin level, but the reduction was much greater in haemodiafiltration. Haemodialysis with high-flux membrane dialysers and haemodiafiltration of renal replacement therapy modes led to better nutritional status and to a better response to rHu EPO in patients with anaemia. Regarding sodium and energy balance, haemodiafiltration resulted in a much lower number of hypotensive episodes and an improvement in the quality of life (11) .
Removal of small solutes (urea and creatinine) and larger solutes, such as b2-microglobulin and complement factor D, is much better with haemodiafiltration than with haemodialysis with high-flux membranes. Concentrations of pretreatment plasma complement factor D decreased more greatly with time among patients undergoing haemodiafiltration than among patients undergoing haemodialysis with high-flux membrane dialysers. (12 ) During the beginning of dialysis treatment, serum potassium concentrations tend to decrease rapidly in the dialysate and to cause lower systolic and mean blood pressure by altering peripheral resistance. It has been concluded that the risk for developing intra-dialysis hypotension is strongly correlated with the dialysate potassium concentration. (13) High-flux membranes showed a benefit in the lowering of plasma triglyceride, which has been confirmed elsewhere. (14) Previous studies have reported controversial information. However, a study that investigated the effect of different synthetic membranes on laboratory parameters and survival among patients with ESRD (end-stage renal disease) found no differences in laboratory parameters between patients treated with high-or low-flux membranes.
A secondary study, the HEMO Study, aimed to examine the changes in health-related quality of life. It offered the specific hypotheses that study interventions would have a large impact on physical functioning, vitality, Short Form-36 Health Survey (SF-36) scores of physical and mental component summaries, kidney disease symptoms and problems and sleep quality. In that trial, among patients undergoing haemodialysis three times a week, the SF-36 physical component summary score and pain scale showed a benefit in the clinical status with higher dialysis dose, especially among patients who underwent dialysis treatment three times per week. Dose or flux interventions showed no benefit that was clinically meaningful, especially regarding other indices of health-related quality of life. ( 5) A study that examined middle-sized molecules, highflux membranes, and optimal dialysis (15) , and a randomised trial of high-flux vs. low-flux haemodialysis on the effects on homocysteine and lipids (16) , showed that highly permeable dialysis membranes with a large pore size are more efficient in the removal of middle-sized molecules such as homocysteine and lipids. Regarding the removal of urea (Kt/V) and phosphate, greater removal was observed with online haemodiafiltration than in haemodialysis. In a study that investigated dialysis dose and membrane flux impact on parameters of nutrition, neither mean serum albumin levels nor mean post-dialysis weight were significantly affected (17) . The mean erythrocyte sedimentation rate declined more significantly in patients treated with high-flux membrane dialysers compared to patients treated with low-flux membrane dialysers.
Nutritional parameters can be altered subtly by interventions targeting the dose and flux, but nothing has been shown to prevent deterioration in nutritional status over time. (2) Higher dialysis dose or high-flux membrane dialysers have not been shown to improve survival or reduce morbidity among patients undergoing maintenance haemodialysis, which is in contrast to the results of observational studies that have reported reductions in mortality with the use of high-flux membrane dialysers.
A benefit of high-flux membranes for patients who are on dialysis treatment for more than 3.7 years was shown in a study that investigated the dialysis dose and membrane flux among haemodialysis patients. Regarding total mortality, no significant decrease was observed in the patients who were treated with high-flux membrane dialysers. (17) This study showed no significant differences between patients who were treated with high-flux membrane dialysers and those who were treated with standard dialy- sers, though this does not mean that there were no true differences between them, considering the relatively small number of study subjects and the low power of the study. We should also not forget that specific conditions in the Serbian health system may have influenced the results; these include the limited number of dialysis centres, the fact that a high number of patients travel more than two hours for dialysis treatment, which affects their quality of life, the limited number of available high-flux dialysers and the high average age of haemodialysis patients in the examined sample of patients (57,3056 ±12,64314).
